O
ut-of-hospital cardiac arrest (OHCA) survival remains poor 1, 2 and relies mainly on the efficacy of the chain of survival. [3] [4] [5] [6] Wide disparities still persist regarding outcome according to characteristics of neighborhoods, and sometimes within the same community. [7] [8] [9] [10] Among many other factors, this heterogeneity in outcome may reflect differences in population characteristics, health behaviors, and also delivery and quality of care. Previous studies have shown that the proportion of patients who received cardiopulmonary resuscitation (CPR) and other characteristics could dramatically differ from a neighborhood to another, resulting in very different outcome. [11] [12] [13] [14] Strong efforts were performed over the recent years to promote the role of bystanders regarding the early delivery of chest compression and defibrillation, with promising results. 15 The emergency medical service (EMS) response is also recognized as a key element in the efficacy of the chain of survival. 16 By providing basic life support (BLS) and advanced life support (ALS), ambulance service is crucial to pursue bystander efforts or to provide primary care. These BLS crews with 3 firefighters on board allow rapid defibrillation and continuation of CPR, whereas ALS crews include an emergency physician, an emergency nurse, and a driver capable to provide advanced care support (endotracheal intubation, intravenous access line, and drug administration) and prompt transfer to hospital. Despite their importance, very few studies assessed the associations between these ambulance resources and outcomes.
Regional disparities in outcome have already been reported. Some have made several assumptions regarding the potential role of EMS organizations, suggesting differences in the level of care, access to primary strategies, existence of underserved populations, and dualism of urban/rural neighborhoods. 9, [17] [18] [19] Moreover, Eisenberg et al reported that the type and the availability of EMS system might substantially contribute to the outcome. 20 In parallel, the relevance of ALS integration has been challenged because its impact on outcome is disputed. 15, 21 Using an urban population-based registry serving a large population in the Greater Paris area (France), we aimed to investigate the associations between allocated BLS and ALS ambulance resources and outcomes in OHCA patients.
METHODS
The data that support the findings of this study are available from the corresponding author on reasonable request.
Study Setting
We used the data from the Paris Sudden Death Expertise Center (SDEC) registry. This registry is a large population-based database covering Paris and its suburbs (France). It includes a residential population of approximately 7 million and covering 762 square kilometers (294 square miles). The SDEC registry captures all cases of out-of-hospital sudden cardiac deaths (defined as unexpected death without obvious extra cardiac cause). We selected all cases with age >18 years with resuscitation attempts between May 2011 and January 2016. Exclusion criteria were patients aged <18 years and obvious noncardiac cause OHCA (ie, trauma or circumstantial cases).
Prehospital EMS System
In the Greater Paris area, the current EMS is a 2-tiered system. The basic life support (BLS) tier, comprising 3 firefighters who can apply automated external defibrillators (AED) and also initiate or pursue CPR maneuvers (including chest compression). The advanced cardiac life support (ALS) tier includes an emergency physician in the field, skilled for all rescue techniques (endotracheal intubation, intravenous access line and drug administration), 1 paramedic, and 1 ambulance driver. These 2 tiers conduct the resuscitation as recommended by the international guidelines. 22 Team composition of BLS and ALS crews is the same from one to another neighborhood of the Greater Paris area.
The allocation and number of BLS units is set per strict geographic neighborhoods under the authority of the defense ministry. The allocation and number of ALS units is devoted per neighborhoods according to regional and national health authorities (Agence Régionale de la Santé and Ministère de la Santé).
Data Collection and End Points
Prehospital data included age, sex, presence of a witness, bystander-provided CPR before EMS arrival, first recordable cardiac rhythm, arrest location, total initial epinephrine dose use, and response time for EMS ambulances from call to arrival on site, using Utstein templates. 23 Two independent investigators reviewed each record for data completion and validity.
Clinical Perspective
What Is New?
• In a large regional registry covering an area of 7 million inhabitants, the authors observed important disparities in the outcomes of patients who experienced an out-of-hospital cardiac arrest.
• Rates of successful resuscitation varied widely, from 33% to 51%, according to neighborhoods.
• Even if these disparities were partly explained by circumstances of the arrest and patients' characteristics at baseline, after adjustment, ambulance density was independently associated with outcome.
What Are the Clinical Implications?
• Disparities in outcomes after cardiac arrest may be attenuated by improving healthcare organization.
• The authors' findings may help to provide evidence-based guidelines for the organization of emergency medical systems.
ORIGINAL RESEARCH ARTICLE
The SDEC Registry combined passive and active approaches to guarantee the completeness of collection of cases of SCD. 24 The French National Institute of Statistics and Economic Studies (INSEE) has provided socioeconomic data for each of the 19 neighborhoods of the Greater Paris area, including density of population, unemployment and poverty proportion, socioeconomic status, and median annual household income.
Because the study focused on EMS resources and their association with outcome, we choose to use sustained return of spontaneous circulation (ROSC) 25 rate as the primary outcome. Neurological status at hospital discharge according to the Cerebral Performance Category (CPC) scale, 26 considering a CPC level of 1 or 2 as a favorable outcome and vital status at discharge were used as secondary end points. Appropriate institutional review boards approved the investigation and with waiver of informed consent.
Territorial Division of the Greater Paris Area and Geocoding
The Greater Paris area is divided into 19 separate neighborhoods where the prehospital EMS ambulances evenly spread. The location of each OHCA case retained in the analysis was linked to 1 of these 19 neighborhoods using the geographic coordinates of the event.
To attribute the correct number of ambulance teams serving in each of these 19 neighborhoods, we identified all allocated EMS resources by using predefined administrative neighborhoods of intervention for BLS and ALS. All EMS resources available in the Greater Paris area were assessed. To refine the specific activity of each ALS resource, we checked all interventions using the geocoding to reattribute resources to the concerned neighborhood. To test the association between allocated BLS and ALS units and primary outcome (successful ROSC), taking into account of within neighborhood correlation regarding the neighborhood, we set up hierarchical (or mixed-effects) models 27 (correlations between neighborhood were not accounted for). The model included prehospital characteristics of the event as covariates: presence of a witness, bystander-provided CPR before EMS arrival, first recordable cardiac rhythm, arrest location, epinephrine use, and response time (delay between call and ambulance arrival) and characteristic of the neighborhood: population density, unemployment rate, poverty rate, socioeconomic status and median annual household income, with neighborhood as a random intercept. To evaluate the quality and choose the most appropriate model, we used the Akaike information criterion and the Bayesian information criterion. 28 We performed multiple imputations to take into account missing data (<15%) using chained equation 29 based on M =10 imputed complete datasets. Because respective associations between BLS and ALS interventions and outcomes may differ according to the circumstances of arrest, we also performed sensitivity analyses in different Utstein subgroups according to bystander CPR performance or initial recorded rhythm 25 and including an interaction (cross-product) term in the multivariable model (P for interaction <0.10; for CPR performance, initial rhythm, density and time response). In addition, as sensitivity analyses, we adjusted our models on time of occurrence (day/night, season, and year). Finally, we reran models using survival and favorable neurological recovery at hospital discharge (considering CPC 1 and 2 levels as favorable outcome) as end points.
Statistical Analysis
All analyses were 2-sided and a P value was considered as statistically significant for P<0.05. Statistical analysis was performed using R studio software (RStudio Inc, Boston, MA.).
RESULTS
During the study period, 17 476 OHCA occurred in the Greater Paris area. Of these, 2628 cases with obvious noncardiac etiology and 5816 patients who did not receive resuscitation attempt did not meet inclusion criteria. In addition, 278 patients were not included in the analysis because the main end point was not available. Among the 8754 patients retained in the analysis, a successful ROSC was observed in 3675 patients (41.9%), and 788 patients (9%) survived at hospital discharge. In survivors, CPC level was missing in 100 patients, and 649 of 688 (100 of 788 missing CPC) patients (94.3%) recovered a favorable outcome at hospital discharge (CPC1-2; Figure 1 ). 
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Respective characteristics of the 19 predefined neighborhoods constituent of the Greater Paris area are summarized in Table 1 . The number of ambulances per neighborhood varied from 1 to 10 for BLS ambulances and from 0.7 to 3.5 for ALS ambulances, respectively. The median catchment population per neighborhood was 350 100 (IQR, 264 700-434 800). The median population density was 9197 individuals per square mile (IQR, 7016-22 660). Over the nearly 5 years of observation, total events of OHCA varied from 271 to 1049 among the 19 predefined neighborhoods. Patient characteristics also differed, with mean age ranging from 62.7% to 67.9, public location from 74.2% to 83.2%, bystander-CPR from 37.3 to 56% and initial shockable rhythm from 20.4% to 34.4% ( Table 2) .
As mapped in Figure 2 , ROSC rate differed significantly across the 19 predefined neighborhoods, ranging from 33.8% to 51.1%, and survival rate at hospital discharge from 4.4% to 14.5% (P for trend <0.001). Figure 3 illustrates the wide variation in ROSC rate according to main patient characteristics (bystander CPR and shockable rhythms). We observed a significant association between the proportion of patients with bystander-CPR or shockable rhythm and the different end points (P for trend <0.01).
As shown in Table 3 were all significantly associated with ROSC. Among neighborhood characteristics, the density of population, the unemployment proportion, the poverty proportion and the median annual household income were not associated with ROSC (P>0.05 for each). After adjustment, a number of allocated BLS ambulances higher than 4 U and a number of ALS ambulances higher than 1.5 U were both significantly and independently associated with ROSC (respectively, aOR, Regarding sensitivity analyses focusing on predefined Utstein subgroups (Table 4) , the association 
between a number of BLS units higher than 4 and number of ALS units higher than 1.5 remained significant in the different subgroups (shockable group and bystander CPR performance group) and also in patients with both bystander CPR and initial shockable rhythm with respective aOR, 1.48 [1-2.18] and aOR, 1.52 [1.08-2.13]. When looking at patients who did not receive bystander CPR or without shockable rhythm, the number of allocated ALS (but not BLS) units was significantly associated with ROSC. In addition, the magnitude of associations between number of BLS and ALS units and outcome were both larger in shockable compared with nonshockable. Similarly, the magnitude of the association between the number of ALS units (and not BLS) and outcome was significantly larger in longer time response (≥9 minutes). To the contrary, there was no significant change in the association to density (P for interaction <0.10; see Table I in the online-only Data Supplement). Our results remained stable after taking into account time, season, or year of cardiac arrest.
DISCUSSION
In this large French registry covering an area of 7 million inhabitants, we observed important disparities in outcome of patients who experienced an OHCA, with ROSC rate varying widely from 33% to 51% according to neighborhoods. These disparities were partly explained by circumstances of the arrest and patient characteristics at baseline. However, after taking these Utstein elements and characteristics of the neighborhoods into account, the allocated emergency resources (number of ALS and BLS ambulances) were independently associated with outcome, in particularly in Utstein comparator group. These findings suggest that adjusting BLS and ALS resources in targeted neighborhoods may be a way to improve the efficacy of the chain of survival.
In the present study, we showed that a higher number of allocated BLS and ALS ambulances per served population was associated with a higher rate of ROSC and survival. In patients rescued from cardiac arrest, organization of EMS and their dedicated healthcare professionals has been known to play a substantial role in outcome for decades. Analyses from registries that examined regional disparities underlined the specific role of community and its organization. 20 Previous studies investigated associations between the number of EMS personnel on-scene and outcomes of OHCA victims. [30] [31] [32] More recently, Sun et al 33 observed that an improvement in EMS staffing (ie, by increasing the propor- ORIGINAL RESEARCH ARTICLE tion of paramedics) was associated with an improved survival rate at discharge, with a larger magnitude of association in nonshockable patients. Nevertheless, the association between resource allocation and outcomes has been rarely investigated. To the best of our knowledge, this is the first study reporting this observation in a large-scale comprehensive dataset of cardiac arrest patients. These results encourage establishing new public health strategies encompassing a better allocation of appropriate EMS resources, adapted to the specific characteristics of served neighborhoods. Regarding the chain of survival, our study also highlights the importance of BLS and ALS combination, as offered by a 2-tiered system. We observed significantly better outcomes associated with a larger number of allocated BLS and ALS ambulances, that may be explained by the presence of a physician on-board in French ALS ambulances. As previously reported, this 2-level organization requires a developed and skilled EMS system. 20 However, the benefit of ALS is currently more and more challenged in many settings, 21 and particularly in the management of OHCA. In this setting, numerous studies questioned the usefulness of ALS interventions, such as airway management, 34 total initial epinephrine dose administration, 35, 36 or antiarrhythmic drugs. 37 Furthermore, several studies highlighted the preeminent role of BLS (defibrillation and chest compression) compared with ALS. 15, 21 To the contrary, findings from the Japanese registry 38 and from other large cohorts, along with the results of a recent systematic review, 40 reported that the presence of a physician in the ambulance was associated with better short-and long-term outcomes after OHCA. Our results suggest that physician-guided resuscitation (as compared with paramedics-guided resuscitation) may improve survival outcomes after OHCA. However, the present study was not designed to compare these 2 strategies, and further research should be done in this way.
In specific Utstein groups, such as patients who received bystander CPR and those with initial shockable rhythm, we observed that the association between the number of BLS and ALS units and the outcome was 
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greater in magnitude. The benefit of these different interventions may be greater in these subgroups as it may result in a better quality of care, with earlier defibrillation and faster transportation to hospital. Moreover, previous studies also showed an improved survival with shorter EMS response time and shorter distance. 41, 42 It is assumed that increasing the number of BLS and ALS ambulances in a neighborhood may also shorten the time of response, facilitating early CPR and defibrillation. In subgroups with short time of response, our results support the benefit of combining both BLS and ALS units, providing early CPR, defibrillation and transportation. In subgroups with longer response, we observed that only ALS resources were significantly associated with the outcome, suggesting that advanced care plays a major role in these patients. In the Greater Paris area, the size of each neighborhood and the deployment of EMS service vary widely. However, both response time and characteristics of neighborhoods were included in analyses to limit this bias. Finally, using a comprehensive registry of a large urban agglomeration, our study confirms the wide heterogeneity of outcomes following OHCA across neighborhoods. As described previously, these differences could be partly explained by available EMS resources per neighborhood, but patient profiles and characteristics of neighborhoods may also contribute to these disparities. These variables have already been investigated and identified as potential independent confounders. 11, 43, 44 In a previous nationwide study, Marijon et al 45 reported the correlation between the provision of bystander resuscitation and survival rate at hospital discharge. Here we confirmed the existence of a linear relationship between the proportion of bystander CPR and initial shockable rhythm and outcome. However, even after adjusting for baseline characteristics of patients and neighborhoods, we observed that the number of BLS and ALS ambulances remained significantly associated with outcomes.
Our study has several limitations. Because of its observational design, it precludes determination of any causal relationship between emergency medical resources and outcomes. Despite efforts to control confounders by using different analytic strategies, some potential biases may have been disregarded, such as population flow. Although we cannot observe the specific influence of provider training, protocols or details of the intervention, the Greater Paris EMS organization is homogeneous in the composition of units (set number of providers; professional qualifications) and in the implementation of guidelines. 46 Finally, our results cannot be generalized to other communities, because the investigation concerned a specific EMS regional organization. However, these limitations are balanced by the large population-based dataset. Our study was a population-based registry investigation, ensuring capture of all cases that occurred in the defined area during the study period. All efforts were made to adjust the analyses for relevant variables, including sociodemographics, patient characteristics and regional parameters.
Conclusion
In this large, urban, population-based study of out-ofhospital cardiac arrest patients, we observed that allocated resources in emergency medical services were associated with outcomes, suggesting that these disparities may be attenuated by improving healthcare organization. Further research on EMS organization is required to globally enhance the chain of survival and to decrease the heterogeneity between the served population. 
